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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a new compound 
that is a lanthanoid compound suitable for producing 
lanthanoidHncluding thin film through CVD and is liquid 
at the vaporization temperature of >100° C and has a 
vapor pressure of >1 Torr at <200** C, further provide a 
method of producing the thin film and a method of 
producing thin film through the CVD process. 
SOLUTION: Praseodymium trichloride, PrCI3 and 
(ethylcyclopentadienyl) potassium, K(EtCp) are allowed 
to react with each other in THF solvent at -78** C - 
room temperature for one day and night, then the 
solvent, unreacting reactants and salts are removed and 
the residue is distilled to obtain a fraction of PKEtCp)3 
boiling at 180° C/0.64 Torr in 75% yield. The product 
melts at about 70*" C. The vapor of PKEtCp)3 formed by 
gas bubbling from PKEtCp)3 heated at 140"* C is mixed 
with H20 vapor in the CVD chamber to deposit the film 
layer of PK0H)3 on the Si substrate at 350° C under 2 
Torr vacuum and annealed the PK0H)3 layer at 700** C 
to form Pr203 film layer. 
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(57) CS*«>] 

[ISIS] ^yf^-i ¥^mm^mmm^cvDv^-r 

i><OiCttfMtj: 7 > ^ ^ K^b^igJ-C. 1 0 0 -cwi©^ 
{taKt??K«rc* 9.200 'C&.T-C 1 T o r r feUb© 

-en^fflc^/cc V D (c J; sa©si;a*ffi#t-^ 
a--i>4f*;>x^;i/*i;«>AK (e tcp) %thf^ 
srcfj. ^a-r^xt 1 8 0-c/o. 6 4To 

rr-caarSPr (E t Cp) a /»SJRS^7 5%Tf#e. 
nfc. ^E-©Ifc;S{J$<j7 0 'C-C* o/c. 1 4 0 'C® P r 
(EtCp), ipi^tf>(,J^-:/'J>ift,cJ:K>tiifcm^tH 
2 OMMiCVUrnVM^U. S i««±tC2Tor 
r, 3 5 0-Ct?Pr*g!{b!^CDM«rliaS-«*. 7 0 0*C 




m^mi ]Ln(C6H4C2H6)3 vm^ti^ h 

CCLn^iLa. Pr. Nd. Sm, Gd. Tb, D 
y. Ho. Er. Tm. Yb. Lu, Yi)^^matifc7€ 

Cit*:B2] itJftSl tCfcli-C. Ln:^5La. Pr. N 
d. Tb, Dy. Ho. Er. Yb. Lu. YV$>^h 

[i«^3] if*311CC*5l>r. Ln*5La, Pr. N 10 
d. Tb. Er. Yb. Yr^)* h y X (x^>pPS^^C1 

imit'yZy^y^Y^. THF*/c«THF^W^tt 

^xi^r. ^K^m. THF. 

[li*^6 ] 1 */c«i9^S2 a/c«iS:*3l3(D 

*^.»<b C i €:#m<i: T ^ C V DfttC J: ^ ^ > 

[0 00 1 ] 

K (La-Lu) <bW^ *:. h (Y) i^^tf 

[0 00 2] 

[fi£*<^fi^ji5] "y^^y^ \'mim^mmm\t. PrB 

az CU3 O7 &^(DWiaKai?5eS«ft'¥'. (Bi. 40 

L a ) 4 T i 3 0 1 2 ti:^<D^mmW. P r 2 Oa ^^j: ^ 

hiffi)^KiCOlir«. H. J, Os t en63Ci^2 00 0 
IEEE International Electr 
on Devices MeetingTechnic 
al Digest p 6 5 3 ( I E DM 0 0 - 6 5 
3) tCfel^T. m-^er-ASis-cf^^UfcPra O3 m 

[0003] mmommmat. mo c v d ffi7&«-flatc so 



Jt$Pi2 00 2-338 59 0 
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fiinTO€>o MOCVD-ffirtiMI4{b^3{>^fiS-C*S 

fif^A^pJtfeJ'cCiJ^cft^ibr^. Ln (dp 
m) 3 [Ln (C, , H, 0 O2 ) 3 ] h (i^tVN' 

h) •7>^>/>r FiLnCP3 [Ln 
(Ce Hs ) 3 ] h y X^'i5^n'^>a?t>x:^;l/^>^>/ 
>/K-C*o/c. tu#&i^<DlL^.>&5i 7 0-2 2 0''C<b« 
<. 7 0--2 2 0-Cn To r rr*> 

^/cf^^«^CDiaij^.>&^2 6 0-'4 3 5-C<b^S<. 1 
0- * Torr. 2 2 O^CCmmMiR^tlXi.^^^ Ln 
(C5 Ha ) 3 «ISS»tcei<^^Lr;^#3&^*^<b& 

[ 0 0 0 4 ] C XWi.^.^rif. MMK^^^fc L n 

(Cs Hs ) 3 <Dmmmt^^mmtLxm\^\ cv 
Da-c^{fc^!B5isie«:»j&-r&:&ffi<D»?a)!»^. us 4 

882206 (1989) CCP§in5nrc>^o ^(DWim 
ft^fc^i^i. Ln (Cb H4 -R) 3 rR«CSS:2- 

imo>^f&mA(tC^tllit. La (C5 H* i C3 H7 ) 
3»10-*Torr. 180-195 •C-C^SHiRS 

tl. m^XllAi.>mi^X. 7 5-CcD^^EE3&^*^0. 7To 

*fb^:?!)^ 75-CrO. 7Torr i>(OlK<*>mMK'^^$> 

ffi«i-2:t--i5r--ffic^ m^m^:^mmwtLX(D^ 
ff(D— oibr^tfri>^> r (2) i o o •c-C:i>3^ < i 

feO. ITo r rei±<DggmEE«rJ#oj fSISSnyt 

La (Cs H4 i C3 H7 ) 3 -^m&r^t^ttxh^ 

(Cs H4 iCa Ht ) 3 JR*1 1%-Cf»6tit:i^ 

[0 00 5] *H<DI*^^?±S trem Chemic 
als I n c. (D;<7^ayN o. 1 8 ( 1 99 9-2 
0 0 1) dCU. L a (Cs H4 i C3 H7 ) 3 (ttl^?K 
^^) . P r (C5 H4 1 C3 H7 ) 3 (teS) . Nd 

(Cs H4 iC3 H7 ) 3 (*Sa^) . Tb (Cs H4 i 
C3 H7 ) 3 (ttS) . E r (Cs H4 i C3 H7 ) 3 

^iPxj:.;US7&56^C-2>Ln (Cs H4 Cz Hs ) 3 

[0 00 6] Ln (Cs H4 C2 Hs ) 3 tCoi>r<7)C 
h e m i c a 1 A b s t r a c t 03>b' jl — ^ 
m(fCj:tikt. ^^{b^«5<b UrCAS No. f)^-0{,^X 
l^S<DW. Sm (Cb H4 C2 Hs ) 3 . Gd (Cs H 
4 C2 Hs ) 3 . Tm (Cs H4 C2 Hs ) 3 <D3^fc 
t:fr4>6o ^<cDLn (Cs H4 C2 Hs ) 3 



(3) 
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[0 00 7 ] 
to 0 0 8 ] 

[affi*/K9i-r-5fc*©^f8] *^». Ln (C5 H 
« C2 Hs ) s -C«$nSh';X (x^;Ui^d7n'H>$ 
i?x-;b) •7>;S'.^'f CC-CLn»La, P 

r. Nd. Sm. Gd. Tb. Dy. Ho. Er. T 
m. Yb. Lu. Y3i>6a«<afc7C**«-r. 2|e^I3 
W. Ln (Cs H. C2 Hs ) 3 -C^Sn-2>Ln3>SL 
a. Pr. Nd. Tb. Dy. Ho. Er. Yb. L 20 
u. Y-C*SF';^ (x?^iH/i>n^>$*Pxxil/) ^ 
>5fy-f K-C&S. :^mmit. Ln (Cs H* C 
2 H« ) 3 rSSn-SLnAiLa. Pr. Nd. Tb. 
Er. Yb. Yt?** h 'J;^ (x5^;Ui^i»D'S>di*;x 

>ifjxxxju* «j-i7Ai^te7j<Je{t^>d»^-< K*. TH 

F4fc«THF^w:f^S14WtS?§^«t^'-cs^o3^^. 

'Xt^-C, X^ai5IiR-r-SC:i?r!ltii<!:-r-2. hUX (X 
5^;UJx'i'0--i>5fixx;i;U) ^>5jy-C FCDSJBS:^^^^ 30 
*S. *I6IB«. h'j:^ (x5^;l'->i'a--4>*i?xx 

[000 9] 

[^?^©^i6©ff^SI] :*:^B^-C*2>Ln (C* H4 C, 

Hs ) 3 <o-^fm.i^m-ti>^f^m.wox.^)Viyt^'a^> aq 

$*?xr:;l,*y.JAK (C. H« C, Hs ) («TK 
(E tCp) i^-T) THF^j®<t>r * y-^Aija 

#J©X9^;Ui/i'P'^t>^fiPX> (Ce He C2 Hs ) 

(«TE tCpHi^-T) *SlESlfr»e>tiS. Sit. 

»4 0*C~5 0-C©THFjg«R4'©Ki(ltC. EtCpH 

iSf^. *SrB<DE t CpH. THF. 

L /cf^. ^^fi© THF -CjgJB L^jS 
i-rS. K (E tCp) »THFCcM<«gWt-5©-C. 
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4 

Mf^iu-ceeffl-rs. ttis. e tcpH»ffi>9©<2j^© 

[0010] K (EtCp) ©Rt>0{CNa (E tC 
p) ^fflC^-St, Ln (E tCp) 3 ©iR^diigTiiofc 
©r. *l6Wt^©^fiS(CttK (E tCp) 
CiJjsjtfSL-t*. K (EtCp) iLnC Is tCSlE 
». THF;^t^3{cLnC 1 3 t9**^tt3-&. -7 8 
•C(C^. a^L/Ja:*i6. K (EtCp) ©THF?§S[ 
*SSftI-rS. iWiLSK (E tCp) ©fitt. LnCls 

©ci©i. o~i. 2a*-r*^, -e©?^. i^*|j*± 

^a-C-g^S:0Sl&4^3-a-S, £*fi»gJ©Ln 
(E tCp) 3 I*. THF^CCjgfgL-rt^S. C©^ 
,#,-e. La, Pr. Nd, Sm©i«^B. fiJ^L'/cKC 

iie©i^^*5ttie:L. 7'*>7^-i^3>-^jfia-csa«: 

»iai-C#/c. Y. Gd. Tb. Er. Yb©« 

< <3 K < < . ±fS© J: ^ ta^mumv 

^■^><s»^,©m*fiS;!^*ii*BE*^»La4b/c„ use 

OO-C. ffi:^(3:i~2To r r-C*S, C©^. ^ 
fiSiBSLn (EtCp) s fciBfiUrt,>ifcTHFfejSUBi8 
L/ -C^* 3 nJt, 11^^4 0. 6-1. OTorrT. 

flnlSiL/t:c^< i, j)ni»>'-!xja]S2 4 0~2 5 o-c-cttf4 
©*^Ln (E tcp) 3 tssi-r^aw 

■C. C©a^*> *n?»>''«:^S*2 2 0*C#i5. E^Jl. 

0 T o r r . aWSS 1 7 0 ~ 1 8 0 'C-CS^S t ;fc, 

sai?s»fi5(i^ra:%tc@{fr-2>fc©t. 

[0 0 1 1 ] WailS-Cf#6nfc@mco^, ^>;S^TG 
-DTA^rSfJ^L/. Ln^Wfi^^. CH»«f. EI- 
M S ft i-©ig:E^W*?T o fc. SUStc^jS^Bt 1/ L n 

(EtCp)3©Ln«. La. Pr. Nd. Sm. G 
d. Tb. Er. Yb. VC^-otc, Dy. Ho. T 
m. Lufcig^lfe^ffir^^ilrtSi^^Sn^. 
LiPL, Ce (EtCp) , iEu (EtCp) 3 ©— 

o©{t^!ii)«. ^0s.mmr^ctifcttj:t^-z,fc. en 

[0 0 12] ^fi£m8l3nfcLn (EtCp), ©fe. 
Uu^. ai±isa[/ll:^**i«:$ii?)/c. af©)E^ 
tt. ^S^©ai?&h^ --;::^ia-5f ';-*^5j<>:?"©ra 
{c*}3!r>n/c+ •t"'^■5-' 5? V y tS? Jc J: 0 S'J^S n/cffl 
■C*?.. IIK©attig|J©BE;^«cnj:»3ii>OiS5< 1. 0 
Tor rgffi-r*oft:i«tS3n-S. 

[0013] 

[«1 ] 



C4) 



1^^2 0 0 2-3 3 8 59 0 
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3 






La(BtCp)« 




93-95 


192/0.68 


Pr(EtCp)« 


m 


70-73 


180/0.64 






64'^ 67 


181/0.63 


SB(BtCp)« 




55-58 


176/0.69 


Gd(EtCp}> 




48-51 


178/0.67 


Tb(EtCp)a 




50-53 


176/0.71 


Hr(EtCp), 




55-58 


180/0.67 


Yb(BtCp)i 




60-65 


170/0.58 


YCEtCp)* 




48—51 


171/0.64 



[0 0 1 43 CO«36»6*>*'SJ:5fC. ^<<DLn (E 
tCp) J CDffi!'=?.{*5 0~9 0'C-C*0. CVDV-^ 

tvxmm-r?>M&i 2 0~2 0 0-C-C»jfiEftt?*S. 

*ytl 6 0~1 9 0X;riKH. OTorrO^^ffi*^ 
Ch.^ (D^.tP h . 11^*5 2 6 0 ~ 4 3 5 'Crl^S^C 

ffiC>^li£E©L n C p a WL^Ifi 1 2 0 ~ 1 7 0 'CC 

#^fCi£«,»SI|ff(DLn (MeCp) 3 CCit-<r. Ln 20 
(EtCp)s«, CVDV-XiL/rffit^m^ 
[0015] Ln (EtCp) , «THF-?' h;l/X>K: 

m^-C*S. Ln (EtCp) 3 ttSfcacDS^SiiStEL 

-cmkttjiy), ^< C:i*tr#.5. Ln (EtCp), 
tJSSOlim^j^t* iiSS-^KSlSb. 100 -CJiti 

^S. 1 5 0-CJi(±©Sitt-C«> *g|M<!:ii:'i^{CJ5j£L 

[0 0 1 63 Ln (E tCp) , *CVDV-XiL/-r 30 

[0 0 1 73 *^©Ln (EtCp) 3 tt. 
©SffbiB5B> «^{btlM« ^{b«Jie<DF-^OKDffe 

>h. {b^«»^i»«£©F->'<>h. ^Slffl^b^ltCi'© 40 

CVDJ!l*4tL/rffiton-5. CVD®*ft:i LTK, S 
taE:^0. 0 0 1~1 OTo r r. S«Sa[3 0 0~8 

oo-c-c*s. K{b®!ig©ts^(c». m.<mt\^x. o 

z . NOz . Nz O, O3 ^j:i*5fflt>e>nS„ ttcHz 
0^,m<!:©»D*^3-WSl&-C*^{bi^*o< 0. Cti^flD 

S^*i/r«»a«j«:^^b!Bj)l*-:)<6c<t*>r#5. S 
m<Dmi\:^mu, m^mcvD(ic^i,>-c. Ln (Etc 

p) 3 mitm^H2 O«ci'©3^S©^*&{cJ:0, <^ 



mxf&(om'j>, ^s{b)ii'*s-c#s. h'SEfb 

JBjfca. «^©ffiS<t^Sli5!»i*S!JH. a6«J©|g«Fl4«: 
lED-c. fiRM-?>T--;w©ias. Klg^lI«C<!:'©^ifc 

D4tf^c<i:K:j;f3« IStCVDJ:Ofc<SS-CK*fPSC 

[0018] 

immmi ] K (EtCp) ©»[i» 

fci L^-5:^7 7X3*jiSffrj|/=f>^;^gte!l,. -e© 

cmtS(C^o/ii*y'i7A^J13 5 g (0. 8 95mo 
1) *^±3i^/c. C©7-7;^=ii&4 0~4 5*C©:*-YJI/ 
^<xrftn^L)5:*i6. EtCpHieOml (1. 36 
mo 1) *?rFci- hJ;Omflnr^<!:. "T <-SJC£:L/M?iS 

>-C^^. THFi*Slt.E tCpHi^jgJJESSL. 

m^icmtcummwrnutcT HF 3 2 o m i ^m^. 

i^-tcmmLK (E tCp) ©THF;^*ff/c, •?■© 
K^e^^'PimMbfctC^l. 5 6mol/L-C*^ 
tc. 

[0019] Pr (EtCp) 3 ©Mii 
mWf: jSTn-h4<i^fc5 0 0ml:75;^a*«E 
r)\'=i>if:x.sniL, ^©*K:JBi*||ftKIRUA:THF3 
0 0 m 1 J&f±ji^^. SSiU)5c*2P>P r CI 3 12. Ig 

(4 9mmo 1 ) *^±3i^/c, SS^L"^-:?. 77X3* 
-7 8'C©?feii^-C?ft-<»L!tC3i«e.. K (EtCp)©T 
HF;^105ml (K ( E t C p ) i Uri 6 4mm 
o 1 ) *3 O^vmiMLtc^ i^mm^it-TL. 

2 0~2 5'C©^ST?-S^K«J^U/c. SJ^CfcK 

c 1 ua^m^tmn-c^L. mm^i^SL i o o-c, 

E;^J 1 ~ 2 T o r r -CWKISUf^ L > Si«-^>SJ^etei&a5& 
L/fc. C©B#. ^igjPr (EtCp), {CB2fiiL-CI,» 
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OTo r r-CttIlftL/ri*< <b. »I^»^^*;^iaS2 4 
5 0'CTtt14cD^-5jB^fe(DP r (EtCp)3:^^ 

2 2 0*C#jfi. !E*0. e-'O. sTorr.amas 

17 0-180 -crfi^su^rco atH?g«^sri^B$ra 

f^tcHltO/Co iRfilS. 4g(37mmol). JR^ 

[0 02 0] I^ScD/cfi?)CD^#Ti1^ttaiJS)^m^fe(T^ 
Tn-To *n6*>e>*iJBTL/rSmJK9^iPr (EtCp) 3 

[0 02 1 ] ffi^53^W 
^^iSSC^J^m. I CP-AESrPr*SS^>«TL 

/Co 

Pr 3 2. 9% (ltStffl3 3. 5%) 

C 57. 6% (tt»fii60. 0%) 
H 6. 3% (it»ffi6. 5%) 

K<5ppm. Cl<20ppm. Fe<10ppm 

7 0^-7 3 "C 

>5 00 s/L-THF. >4 5 0 g/L- h>H^x>. 
< 1 gr/L-^+1^> 
[0 02 2] EI -MS 

JEOL AX5 0 5W. :^->|BfiJK: 2 50 * 



10 



20 



* -C. 4•>^tx;^;^^^- 7 O e v 

m&m^^m 1 ^cts-To 

m/z = 4 20 ( 1 6%) Pr (EtCp) s (5H^ 
.32 7 (6 9%) Pr (E tCp) « ^ . 9 
4 (7 1%) E tCpH* , 7 9 (1 00%) Cs Hb 
CH2 * 

[0023] TG-DTA 

Kf4 1 3. 2mg 

A r 1 ^BE 
^ilS 10. Odes: /mi n 

{yXmit^^V$X\.^^tcl^^ 1 0 0%(02«fi«:U/cC*:»-^ 
[0024] 

imM9^2-^2 ] **S«?!I1 <DX-5r-Jl/:fei^j4 0%tcb/c 
flfeW^CT 1 i ««PI«|/cC»f^* 8 > ^ >f KCC 

La. Nd. SmCDlt^^B^?&^itJ©U. ftfly'r- 
5/3>r§:gtC^St-C#/Co U?&^L/Y. Gd, Tb. E 
r . Y b <D«^«. < * 6 /j:3&^ /cOOr^jK 

fii*S2k:^*ro 
[0025] 
[«2] 











La 


C 


H 






g 


g 


% 


% 


% 


X 


( Ln C H ) 


l^iS&mz LaCli 


5-4 La(EtCp), 


3.E 


35 


32.2 


58.0 


6.4 


(33.2 60.3 6.5} 


%Um^ VdCl* 


5.1 ird(&tCp)s 


3.3 


38 


34.5 


57.2 


6.3 


(34.0 59.5 6.4} 


l^2fi«94 Sulci. 


5.3 SaCetCp). 


5.9 


67 


34.7 


54.9 6.2 


(35.0 58.7 6.3) 


IS£S0i5 <hiCli 


5.3 Gd(BtCp)« 


4.2 


48 


36.0 


SB. 6 


6.2 


(36.0 57.8 6.2) 


nmm^ ibci. 


5.2 Tb(BtCp)i 


4.3 


50 


37.2 


55.0 €.1 


(36.3 57.5 6.2) 


^55^7 BrCl. 


5.1 Br(fitCp)« 


4.0 


48 


37-0 


53.2 


5.9 


(37.4 56.5 6.1) 


^iSMS YbCli 


5.1 Yb(BtCp)i 


2.2 


27 


36.4 


53.6 


5.9 


(38.2 55.7 6.0) 


IISSMO YClt 


5.6 Y(EtCp)« 


7,0 


66 


24.2 


65.9 


7.3 


(24.1 68.6 7.4) 


ttiSJO^l CeCl* 


5.2 Ce(BtCp)i 


0 


0 










it^mz EuCh 


5.2 Bu(BtCp)» 


0 


0 











[002 6] ^m^2--Q(DTQ-uT Acomm^^^ 
m3--m 1 occ^-To 

[002 7] 

m«ra2CC^-ro 
[0 02 8] 



{mmmi o] pr^ 03 m(Dm^ 
^m^-'>y'x^rih<D}^m^jjmn\t2T o r tku-o 

fc. 2 5€rC0Pr (EtCp) 3 OAo/cV-Xi^y > 
y-A^l 4 0-CK:»ni»L. 2 O s c cmA r:tf;^%>N* 
:/';>^L. ^itbfcPr (E t Cp) a MM^CVD 

B^OHh O^mi 0 s c cm^CVDmifCm^L. s 
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mA^Oiy-^V — ^ ':;K-ePr ( E t C p ) 3 ^^^/c 

8 0 n mO)R^f#/Co XR DJCcfc O^^^f L//cjB*. 
[002 9] 

[#£?§CD^*] Ln (E t Cp) 3 t^:. 5 0-9 5 'CCD 
ibSi 17 0-190 'Cr*^ 1 T o r r (3!)^mEE?:WL/ 

[01] P r (E t Cp) 3 OE I -MStCcfc-SSJ^te 
[02] P r (E t Cp) 3 OTG-DTAtCi-SiJ^ 



(6) iRpPa 2002-338590 

10 

* [03] La (EtCp) 3 CDTG-DTA(Cj:Sa9^ 
[04] Nd (EtCp) 3 COTG-DTA^Cj:^aiJ^ 

iem*^-r0r*«o 

[0 5] Sm (EtCp) 3 <DTG-DTAtCj:5aJ5t 

«sm^^-r0r*'5„ 

[06] Gd (EtCp) 3 (DTG-DTAtCct'SiM^ 

tes*^-r0r^^o 

[07] Tb (EtCp) 3 coTG-DTAtCJ:^*]^ 
[08] Er (EtCp) 3 <^TG-DTA(Cj:-SiFj^ 

ig:ll^^t-0r*>^. 

[09] Yb (EtCp) 3 CDTG~DTA^CJ:€>»JS 

iKS*5^'r0r*So 

[010] Y (EtCp) 3 ©TG-DTAklcfc'SilJje 
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